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      Cancer has become a global health concern, with escalating mortality rates in the 21st century, leading the World Health Organization to 

recognize it as one of the deadliest diseases. In their search for new anticancer therapeutic agents, researchers have identified the 3,5-

disubstituted Indole derivatives as potential therapeutic agents capable of targeting the Proviral integration of moloney (Pim) kinases that 

correlate to hematological cancers. This study aims to investigate a series of 3,5-disubstituted indole derivatives as potent inhibitors of Pim1 

kinase. Different computational chemistry techniques were utilized, including 2D-QSAR and molecular docking, to design novel inhibitors for 

targeting Pim1. The analysis of 2D-QSAR results showed that the inhibitory activity might be predicted with high accuracy (R²test = 0.96) using 

a classical statistical modeling technique, namely partial least squares regression. The six inhibitors that were identified as highly bio-active, 

were subjected to the docking study, and the results highlighted the important Pi-Alkyl interactions rising between the ligands and the Pim-1 

kinase receptor (PDB code: 5DWR), which may enhance the binding of the ligand to a hydrophobic pocket on the target receptor. Overall, the 

combination of 2D-QSAR, molecular docking, and ADMET analysis has provided valuable insights and potential avenues for further 

exploration in the development of effective hematological anticancer agents. 
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INTRODUCTION 
 
      According to the World Health Organization estimates, 
cancer is the primary or second major cause of death before 
the age of 70 in 112 of 183 nations. It accounts for 
approximately one in six global fatalities [1]. Hematological 

cancer, in particular, has emerged as a significant target for 
research and therapeutic development in this context [2,3]. 
Hematological malignancies, along with solid tumors, often 
activate the Pim kinases, a family of serine/threonine kinases 
encompassing Pim-1, Pim-2, and Pim-3. These enzymes play 
pivotal roles in regulating diverse signaling pathways 

associated with cancer initiation and progression [4]. Notably, 
despite  variations  in  their  expression   levels   and  distinct 
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functions, compelling evidence supports the involvement of 
all three Pim genes in cancer through a compensatory 
mechanism [5]. Consequently, extensive research efforts, 
both in academic and pharmaceutical sectors, have focused on 

the development of Pim kinase inhibitors, aligning with the 
prevailing trend in oncology, which emphasizes kinase 
inhibition as a prominent therapeutic approach [6,7]. Among 
these inhibitors, the Pim1 inhibitor stands out due to its unique 
biochemical and molecular characteristics, which influence 
various oncogenic pathways [8]. Its ability to impede cancer 

cell proliferation, migration, and growth has positioned it as a 
promising therapeutic agent, often employed in combination 
with other chemotherapy components [9,10]. Indoles, 
recognized for their intrinsic anticancer properties, have 
garnered significant attention for their capacity to mitigate cell 
death in specific cancer types [11]. These naturally occurring 

bioactive   compounds,   found   in  various  sources,  exhibit  
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diverse biochemical activities, underscoring their importance 

in biomedical research and drug discovery [12]. The field of 

hematological anticancer therapy faces an urgent need for the 

discovery of novel treatments [13]. To address this need,            

our study conducted an in-depth analysis of 32 constituents 

comprising 3,5-disubstituted indole derivatives, utilizing the 

2D-QSAR (2D-Quantitative Structure-Activity Relationship) 

methodology. This rigorous analysis yielded valuable insights 

that can guide the development of novel compounds with 

potent hematological anticancer properties. In parallel with 

the 2D-QSAR analysis [14], we employed molecular docking 

techniques to investigate the molecular-level interactions 

between selected ligands and the Pim-1 kinase receptor (PDB 

code: 5DWR). Our aim was to gain deeper insights into how 

these compounds interact with the target receptor and 

potentially inhibit its activity. Building upon the insights 

derived from the 2D-QSAR analysis and molecular docking 

investigations [15], we utilized in-silico methods to design 

four innovative compounds. These compounds were carefully 

constructed by incorporating features and structural elements 

derived from the 2D-QSAR analyses, with the aim of 

optimizing their interactions with the Pim-1 kinase receptor 

and enhancing their hematological anticancer activity. This 

in-silico design of new compounds represents an innovative 

approach toward the development of potential candidates for 

hematological anticancer therapy [16]. By leveraging 

computational methodologies and insights from 2D-QSAR 

analyses and molecular docking studies, our goal is to 

expedite the discovery of novel compounds with improved 

efficacy and reduced side effects. Further experimental 

validation and optimization of these compounds are warranted 

to confirm their potential as promising candidates in the 

treatment of hematological cancers. 

 
MATERIALS AND METHODS 
 

Data Collection  
      We acquired a database of 32 compounds from previously 

published work [12]. This database encompasses various 3,5-

disubstituted indole derivatives that have been identified as 

inhibitors of Pim kinase. The database was randomly 

partitioned into two distinct sets; 26 compounds were used as 

training set for QSAR models’ development, and the 

remaining 6 compounds were used as testing set  for  models  

 

 

testing. Table 1 furnishes a comprehensive summary of the 

distinct molecular structures present in both the training and 

test sets, along with their corresponding biological activities, 

quantified as pIC50 values. 

      ChemDraw was used to draw the molecular structures, 

while Chem3D provided the tools for optimization and energy 

minimization.  To optimize and stabilize them, we used the 

Molecular Mechanics 2 (MM2) force field [17]. This 

approach enabled us to source the most favorable geometries 

for the molecules studied. By combining these two software 

packages, we were able to obtain reliable and accurate 

molecular models for our study. 

 
2D QSAR Studies 
      Molecular Operating Environment (MOE) is used to 

compute 206 2D-descriptors; For simplicity, descriptors that 

had a weak link to activity were disregarded. In the QSAR 

analysis, the most pertinent descriptors were chosen and 

employed as independent variables [18,19]. 

 

PLS Analysis 
      The Partial Least Squares (PLS) method is commonly 

employed to examine the linear relationship between the 

target variable and independent variables [20,21,22]. PLS 

analysis enables the determination of key factors contributing 

to the potency of these inhibitors. Several parameters are 

assessed during the PLS analysis [23], including the cross-

validation coefficient of determination (Q²), the coefficient of 

determination (R²), the number of components (N), and the 

Root Mean Square Error (RMSE). The selection of the best 

QSAR model is based on high R² and Q² values, indicating a 

strong correlation between the independent variables and the 

target variable [24,25]. To evaluate the robustness of the 

models generated, external validation was performed using 

the testing set comprising six molecules. 

 

Molecular Docking 
      The protein kinase Pim-1, with the PDB ID 5DWR, was 

obtained from the Protein Data Bank (www.rcsb.org) for our 

study. The focus of our research was to investigate the binding 

interactions between Pim-1 protein kinase and various 

ligands. For the molecular docking studies [26,27], Autodock 

Tools [28] was employed. To prepare the proteins, the 

receptor (Pim-1 protein kinase) underwent hydrogen addition  
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Table 1. Chemical Structures and their Related Activity Values (* Test Set Compounds) 

 

N° Structure of compound pIC50 N° Structure of compound pIC50 

L1* 

 

7.72 

 
L2 

 

7.68 

 

L3 

 

7.17 

 
L4 

 

7.46 

 

L5 

 

8.10 

 
L6 

 

7.72 

 

L7 

 

7.48 

 
L8* 

 

7.68 

 

L9 

 

8.05 

 
L10 

 

8.15 

 

L11 

 

7.02 

 
L12 

 

6.87 

 

L13 

 

7.66 

 
L14* 

 

7.52 

 

L15 

 

8.15 

 
L16 

 

6.80 

 

L17 

 

7.68 

 
L18 

 

8.05 

 

L19* 

 

6.84 

 
L20* 

 

6.59 
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and removal of water molecules as part of the docking 

protocol [29]. Autodock Vina [30] was utilized to carry out 

these steps for both the receptor and the ligands. To analyze 

the results obtained from the molecular docking studies, we 

employed Discovery Studio 2016 (www.discover.3ds.com) 

and pymol (WWW.pymol.org) software. These tools 

provided us with the necessary capabilities to analyze and 

interpret the outcomes of the docking experiments. 

 
Prediction of Pharmacokinetic Properties  
      It is crucial to consider the pharmacological activity of 

compounds and optimize their ADMET (Absorption, 

Distribution, Metabolism, Excretion, and Toxicity) profiles to 

enhance the success of potential drug discovery or research 

tools. In-silico analysis can address the criteria and ADMET 

characteristics of candidate drugs, which  have been assessed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

using accessible online servers such as pkCSM [31]. 

 
RESULTS AND DISCUSSION 
 
2D-QSAR Modeling Results 
      A predictive 2D-QSAR model, presented by Eq. (1), was 

developed using the PLS method. Its performance was 

evaluated and summarized in Table 2. Three descriptors, 

namely balabanJ, PEOE_RPC+, and SMR_VSA4 were 

included in the model. 

 

      pIC50 = 1.75453 + 4.46441*(balabanJ) - 

5.65542*(PEOE_RPC+) + 0.02138*(SMR_VSA4)            (1) 

 

The PLS equation, derived from the given data set, played a 

crucial role in this  process. It  encapsulated the mathematical  

Table 1. Continued 

 

L21 

 

8.30 

 
L22 

 

8.05 

 

L23 

 

7.64 

 
L24 

 

8.52 

 

L25* 

 

8.05 

 
L26 

 

8.52 

 

L27 

 

8.52 

 
L28 

 

6.92 

 

L29 

 

6.59 

 
L30 

 

6.73 

 

L31 

 

6.59 

 
L32 

 

8.15 
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Table 2. Summary of QSAR Model Performance 
 

N R² RMSE Q² R²test cRp2 

25 0.81 0.26 0.71 0.96 0.76 

 

 

representation of the linear model and served as a tool for 

prediction and analysis [32]. By incorporating the PLS 

equation, researchers were able to investigate the influence of 

various independent variables on the dependent variable. This 

approach was selected due to its effectiveness in handling 

multicollinearity [33], a common issue in QSAR modeling, 

where independent variables are highly correlated. PLS 

addressed this challenge by constructing latent variables, 

which are linear combinations of the original variables that 

capture the maximum variance in the data [34]. By utilizing 

the PLS equation, the investigators aimed to gain insights into 

the quantitative relationship between the independent 

variables and the dependent variable. This allowed for the 

identification of important features or descriptors that 

contributed significantly to the model's predictive power 

(Table 3). Additionally, the PLS equation facilitated the 

assessment of the model's performance and provided a means 

to make predictions for new data points based on the learned 

relationships. 

 

Model’s Validation 
      To assess the predictive accuracy of the 2D-QSAR models 

developed using the training set, we made predictions on the 

biological activities of six molecules in an external testing set 

(Table 4). The reliability and performance of the models were 

evaluated using the determination coefficient of external 

validation (R² test) [35]. 

      To  ensure  the  stability of the constructed QSAR model, 

 

 

 

 

 

 

 

 

 

 

 

Y-randomization [36] was carried out. This method involves 

validating the model by randomly shuffling the response 

parameters (Y) while keeping the descriptors (X) unchanged. 

parameter called cRp2 should be greater than 0.5 as per the 

equation (Eq. (2)): 

 

cRp2 = R*(R² – (Average R)²)1/2         (2) 

 

Interpretation of the 2D-QSAR Descriptors 
      The coefficients of the molecular descriptors in Eq. (1) 

suggest that the 2D descriptor, specifically the coefficient of 

the Balaban topological index (BalabanJ) [37], represents the 

relative positive partial charge (PEOE_RPC+) [38]. 

Additionally, the descriptor (SMR_VSA4) [39] represents the 

sum of the van der Waals surface where Ri (molar refractivity 

for atom (i)) falls within the range of 0.39 and 0.44. These 

descriptors have the most significant influence on the 

inhibitory potency of Pim1 kinase of 3,5-disubstituted 

indoles. 

      The positive coefficients of the two topological 

descriptors, BalabanJ and SMR_VSA4, indicate that an 

increase in these descriptors corresponds to an increase in the 

inhibitory potency of Pim1 kinase of 3,5-disubstituted 

indoles. On the other hand, the topological coefficient of 

PEOE_RPC+ is negative, suggesting that a decrease in 

PEOE_RPC+ leads to an increase in the inhibitory potency of 

Pim1 kinase of 3,5-disubstituted indoles. 

  
Newly Designed Compounds 
      Based on the findings of the 2D QSAR analysis and the 

recommendations derived from the selected descriptors, the 

presence of an eight-membered ring can indeed exert an 

influence on topological indices. Moreover, the presence of 

such an eight-membered ring within a molecule  can give rise  

 

 

 

 

 

 

 

 

 

 

Table 3. Correlation Matrix for the Two Selected Descriptors 

 

Variables balabanJ PEOE_RPC+ SMR_VSA4 pIC50 

balabanJ 1.000 -0.222 0.356 0.680 

PEOE_RPC+ -0.222 1.000 -0.259 -0.682 

SMR_VSA4 0.356 -0.259 1.000 0.572 

pIC50 0.680 -0.682 0.572 1.000 
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Table 4. Descriptors, Observed, Predicted, and Residual Values 

 

N° BalabanJ PEOE_RPC+ SMR_VSA4 pIC50 Pred(pIC50) Residual 

Training set 

L2 1.311372 0.08638086 37.36924 7.6800 7.9196 -0.2396 

L3 1.293102 0.18118526 37.36924 7.1700 7.3019 -0.1319 

L4 1.328322 0.18115045 37.36924 7.4600 7.4593 0.0007 

L5 1.300344 0.07894928 40.12599 8.1000 7.9714 0.1286 

L6 1.311372 0.07892931 40.12599 7.7200 8.0207 -0.3007 

L7 1.292163 0.08334168 37.36924 7.4800 7.8510 -0.3710 

L9 1.292046 0.07824656 37.36924 8.0500 7.8793 0.1707 

L10 1.312062 0.07822695 37.36924 8.1500 7.9688 0.1812 

L11 1.272579 0.21599703 37.36924 7.0200 7.0134 0.0066 

L12 1.311786 0.21595043 37.36924 6.8700 7.1887 -0.3187 

L13 1.300344 0.08437382 37.36924 7.6600 7.8817 -0.2217 

L15 1.323407 0.08324916 37.36924 8.1500 7.9911 0.1589 

L16 1.113315 0.07720553 43.7404 6.8000 7.2235 -0.4235 

L17 1.293102 0.09198904 37.36924 7.6800 7.8063 -0.1263 

L18 1.293102 0.11978569 68.66068 8.0500 8.3183 -0.2683 

L21 1.319127 0.07446075 40.12599 8.3000 8.0806 0.2194 

L22 1.33839 0.07949366 37.36924 8.0500 8.0792 -0.0292 

L23 1.34647 0.11717431 37.36924 7.6400 7.9022 -0.2622 

L24 1.34647 0.07525036 37.36924 8.5200 8.1393 0.3807 

L26 1.324659 0.07541274 40.12599 8.5200 8.0999 0.4201 

L27 1.335602 0.07133184 39.69717 8.5200 8.1627 0.3573 

L28 1.214127 0.08220991 12.98734 6.9200 6.9877 -0.0677 

L29 1.176297 0.18397638 19.35849 6.5900 6.3795 0.2105 

L30 1.148456 0.17706668 17.03057 6.7300 6.2445 0.4855 

L31 1.233576 0.14512503 19.35849 6.5900 6.8549 -0.2649 

L32 1.216565 0.08111265 52.25568 8.1500 7.8445 0.3055 

Test set 

L1 1.300344 0.08638013 37.36924 7.7200 7.8595 -0.1395 

L8 1.312203 0.08331887 37.36924 7.6800 7.9274 -0.2474 

L14 1.311372 0.08435101 37.36924 7.5200 7.9184 -0.3984 

L19 1.342531 0.17373851 37.36924 6.8400 7.5868 -0.7468 

L20 1.317602 0.1737318 37.36924 6.5900 7.4779 -0.8879 

L25 1.335602 0.07829792 37.36924 8.0500 8.0559 -0.0059 

Prediction 

P1 1.1291928 0.050266538 103.16362 N/A 8.717069 N/A 

P2 1.1501068 0.045478839 103.16362 N/A 8.837515 N/A 

P3 1.4516307 0.090163 40.125992 N/A 8.583189 N/A 
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to regions of uneven electron density. Consequently, 

disparities in the partial charges of atoms located within the 

ring in comparison to those positioned outside of it become 

apparent. In instances where the eight-membered ring 

incorporates oxygen or nitrogen atoms, these atoms tend to 

exhibit higher electronegativity, thus leading to the 

manifestation of negative partial charges. This differential 

distribution of charges can subsequently be reflected in the 

relative positive partial charge values observed among 

specific atoms within the molecule. Furthermore, within the 

realm of medicinal chemistry and the domain of drug design, 

the presence of an eight-membered ring within a molecule can 

wield a substantial influence over its interactions with specific 

biological targets. Molecular interactions, particularly those 

related to protein binding, may undergo modulation due to the 

structural characteristics associated with eight-membered 

rings and the relative partial charges of atoms located within 

these ring structures. Similarly, for alcohol and nitro groups, 

three compounds, specifically denoted as P1, P2, and P3, have 

been proposed considering this analysis. Notably, these 

compounds exhibited a marked enhancement in inhibitory 

activity along with significantly higher overall scores when 

compared to the most potent compounds in the dataset. The 

corresponding pIC50 values for these compounds, along with 

their respective molecular structures, are presented in Table 5. 

 

Docking Results 
      Molecular docking analyses were conducted on a set of six 

compounds, consisting of three highly active molecules (L24, 

L26, and L27) and three predicted molecules (P1, P2, and P3), 

utilizing the AutoDock Vina software [30]. Prior to the 

docking simulation, the receptor was prepared by eliminating 

all water molecules and heteroatoms. The aim of the docking 

simulation was to assess the binding energy between the 

ligands and the receptor, as well as to investigate the binding 

positions of the ligands. The obtained results demonstrated 

binding affinity values of -10.3, -9.7, -9.5, -12.7, -11.3, and               

-8.7 kcal mol-1 for the designed molecules L24, L26, L27, P1, 

P2, and P3, respectively. These findings provide substantial 

evidence for the stability of the proposed three molecules. 

      Protein-ligand interactions were further investigated using 

Discovery Studio software for the target protein (PDB ID: 

5DWR) and the compounds L24, L26, L27, P1, P2, and P3. 

The details of these interactions are presented in Table 6, and  

 

 
Table 5. Chemical Structures and their Predicted Activity 

 
N° 

Structure of compound Pred(pIC50) 

P1 

 

8.71 

P2 

 

8.83 

P3 

 

8.58 

 

 

a graphical representation can be found in Figs. 1,2,3,4, 5                      

and 6. 

      Compound L24 (Fig. 1) exhibited seven Pi-Alkyl bonds 

with residues Lys67, Val52, Ile185, Leu120, Ile104, Leu174, 

and Ala65. Additionally, a Conventional Hydrogen Bond was 

observed at a distance of 2.07 Å with the Asp128 residue. 

Furthermore, at a distance of 3.77 Å, the benzene ring of L24 

engaged in Carbon Hydrogen Bond interactions with Asn172, 

Pi-Pi Stacked interactions with Phe49, and Unfavorable 

Acceptor-Acceptor interactions with Lys67. 

      Similarly, compound L26 (Fig. 2) displayed the same 

interactions as L24, except for Conventional Hydrogen Bonds 

occurring with Glu121 and Asp128 at distances of 2.63 Å and 

1.80 Å, respectively. 

      Compound L27 (Fig. 3) displayed significant interactions, 

including seven Pi-Alkyl bonds with residues Lys67, Val52, 

Leu120, Ile185, Ile104, Pro123, and Arg122. Moreover, 

distinct Pi-Sigma interactions were observed with Val52, 

Ile185, and Leu174 at distances of 3.88 Å, 3.93 Å, and             

3.63 Å, respectively. Additionally, Pi-Pi Stacked interactions 

were identified with Phe49, while Unfavorable Acceptor-

Acceptor interactions were observed with Lys67. These 

interactions   contribute   to  the   molecular  recognition  and  
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Table 6.  Pim1 Interaction Residues with L24, L26, L27, P1, P2 and P3 

 

N° 

Concentional 

hydrogen 

bond 

Carbon 

hydroge

n bond 

Halogen 

(Fluorine) 
Pi-Alkyl 

Pi-

Anion 

Pi-

Cation 
Pi-Sigma 

Pi-Pi 

Stacked 

Pi-Pi T-

Shaped 

Unfavorable 

acceptor-

acceptor 

L2

4 
Asp128 Asn172  

Lys67. Val52. 

Ile185. Leu120. 

Ile104. Leu174. 

Ala65 

   Phe49  Lys67 

L2

6 

Glu121 

Asp128 
Asn172  

Lys67. Val52. 

Ile185. Leu120. 

Ala65. Leu174. 

Ile104 

   Phe49  Lys67 

L2

7 
   

Lys67. Val52. 

Leu120. Ile185. 

Ala65. Ile104. 

Pro123. Arg122 

  
Val52. 

Ile185. 

Leu174 

Phe49  Lys67 

P1 

Asn172. 

Asp128. 

Asp131 

Glu171 

Gly48. 

Asp167. 

Asp186. 

Glu121 

Lys67. Ile185. 

Val52. Ala65. 

Leu174 

 Lys169   Phe49 Lys67 

P2 

Val126. 

Asp131. 

Leu44. 

Ser46 

Arg122 

Asn172  

Glu121 

  

Lys67. Ile186. 

Ala6. Leu174. 

Val52 

Asp128  Val52 Phe49  Asp131 

P3 Asp128 

Asp186.

Asp172.

Glu171.

Gly45 

 Leu44. 

Val52 
Asp128  Ile185. 

Val52  
Phe49   

 

 

 

Fig. 1. Analysis of the anchoring of compound L24 in the binding pocket of the pim-1 receptor kinase. (1) 3D interactions of 
the ligand-receptor complex, (2) 2D interactions of the ligand-receptor complex (residues). 
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Fig. 2. Analysis of the anchoring of compound L26 in the binding pocket of the pim-1 receptor kinase. (1) 3D interactions 

of the ligand-receptor complex, (2) 2D interactions of the ligand-receptor complex (residues). 
 

 
Fig. 3. Analysis of the anchoring of compound L27 in the binding pocket of the pim-1 receptor kinase. (1) 3D interactions 

of the ligand-receptor complex, (2) 2D interactions of the ligand-receptor complex (residues). 
 

 
Fig. 4. Analysis of the anchoring of compound P1 in the binding pocket of the pim-1 receptor kinase. (1) 3D interactions of 
the ligand-receptor complex, (2) 2D interactions of the ligand-receptor complex (residues). 
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binding of compound L27 with the target protein. 

      Compound P1 (Fig. 4) showed a highly favorable binding 

capacity. The optimized conformational energy of the ligand 

is attributed to several key interactions. These include Pi-alkyl 

interactions with Lys67, Val52, Ile185, Ala65, and Leu174, 

respectively.  Additionally,  Halogen  (Fluorine)  interactions  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

occurred with Gly48, Asp167, Asp186, and Glu121 at 

distances of 3.43 Å, 3.67 Å, 2.88 Å, and 2.78 Å, respectively. 

Furthermore, Conventional Hydrogen Bonds were formed 

with Asn172, Asp128, and Asp131, respectively. Other 

interactions observed include Carbon Hydrogen Bond 

interactions with Glu171, Pi-Cation interactions with Lys169,  

 
Fig. 5 .Analysis of the anchoring of compound P2 in the binding pocket of the pim-1 receptor kinase. (1) 3D interactions of 

the ligand-receptor complex, (2) 2D interactions of the ligand-receptor complex (residues). 
 

 

 
Fig. 6. Analysis of the anchoring of compound P3 in the binding pocket of the pim-1 receptor kinase. (1) 3D interactions of 

the ligand-receptor complex, (2) 2D interactions of the ligand-receptor complex (residues). 
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Pi-Pi T-Shaped interactions with Phe49, and Unfavorable 

Acceptor-Acceptor interactions with Lys67. 

Similarly, compound P2 (Fig. 5) showed strong binding to 

the target site (5DWR) through Pi-alkyl interactions with 

Lys67, Ile186, Ala65, Leu174, and Val52, respectively. 

Additionally, Conventional Hydrogen Bond interactions 

occurred with Val126, Asp131, Leu44, and Ser46, 

respectively. Further interactions were observed at distances 

of 3.28 Å and 3.15 Å between the compound P2 and Arg122 

and Asn172, respectively, via Carbon Hydrogen Bonds. 

Furthermore, Halogen (Fluorine) interactions occurred with 

Glu121, Pi-Anion interactions with Asp128, Pi-Sigma 

interactions with Val52, Pi-Pi Stacked interactions with 

Phe49, and Unfavorable Acceptor-Acceptor interactions with 

Asp131. These interactions contributed significantly to the 

binding affinity and stability of compound P2 with the target 

protein. 

      In addition, compound P3 (Fig. 6) displayed notable 

interactions with the target protein. It formed two Carbon 

Hydrogen Bonds and two hydrogen bonds between the OH 

group and the residue Asp128. Additionally, P3 established a 

four Carbon Hydrogen Bond network with residues Asp186, 

Asp172, Glu171, and Gly45. Pi-Alkyl interactions were 

observed between P3 and residues Leu44 and Val52. 

Moreover, P3 formed Pi-Alkyl interactions with Asp128, Pi-

Sigma interactions with Ile185 and Val52, and Pi-Pi Stacked 

interactions with Phe49. These interactions contributed to the 

binding and stability of compound P3 within the target 

protein. 

 

ADMET Predictions 
      Pharmacokinetic and toxicity assessments were conducted 

through ADMET (Absorption. Distribution. Metabolism. 

Excretion. and Toxicity) analysis and the PKCSM web server. 

A summarized presentation of the results is provided in     

Table 7. The limitation in a drug's bioavailability and its 

biological effects is intricately linked to its absorption 

capacity. Notably. the designed products exhibited extensive 

absorption potential. as evidenced by their human intestinal 

absorption (HIA) values exceeding 30%. Furthermore, the 

evaluation of these substances included an assessment of their 

inhibitory or substrate activity concerning cytochrome P450 

enzymes, which served as an additional indicator of their 

metabolic fate. Cytochrome P450 enzymes play a pivotal role  

 

 

in the elimination of exogenous organic molecules, including 

pharmaceuticals, and are indispensable for the oxidation 

processes within the body. It is noteworthy that all ligands 

examined were identified as substrates of 3A4 with the 

exceptions being L26 and P3, which exhibited no interaction 

with 2D6. Additionally, the results derived from inhibition 

studies indicated that none of the molecules displayed 

inhibitory effects on 2D6. Moreover, the outcomes of toxicity 

assessments, encompassing AMES toxicity evaluations, 

affirm the non-toxic nature of the predicted chemicals [40]. It 

is imperative to consider that chemicals with a Log PS value 

exceeding -2 are deemed capable of permeating the central 

nervous system (CNS), whereas compounds with a Log PS 

value below -3 may encounter challenges in crossing the CNS 

barrier. Additionally, the concept of drug clearance involves 

comparing the rate at which a drug is eliminated from the body 

to its rate of presence. Interestingly, none of the newly 

designed ligands exhibited issues related to drug persistence. 

In summary, the comprehensive pharmacokinetic and toxicity 

evaluations conducted through ADMET analysis and the 

PKCSM web server underscored the favorable characteristics 

of the designed compounds, including their high absorption 

potential, metabolic compatibility, and non-toxic nature. 

These findings bode well for their future development and 

potential application as pharmaceutical agents. 

 
CONCLUSION 
 

      In this study, we examined an extensive investigation into 

a series of thirty-two 3.5-disubstituted indole derivatives with 

the aim of identifying potent inhibitors of Pim1 kinase, 

employing the 2D-QSAR technique as our primary analytical 

tool. Our rigorous analysis yielded highly promising statistical 

results, reflecting a remarkable level of reliability and 

exceptional predictive capability. The insights gleaned from 

our comprehensive 2D-QSAR studies furnished valuable 

information concerning the essential structural features that 

are crucial for both favorable and unfavorable substitutions 

influencing inhibitory activity. Building upon these insights, 

we took a proactive step by proposing novel 3.5-disubstituted 

indole derivatives. These proposed compounds were 

meticulously designed based on the descriptors employed in 

our study, with the goal of optimizing their interaction with 

the Pim1 receptor kinase.  To delve deeper into  the nature of  
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these interactions, molecular docking studies were rigorously 

conducted using Autodock. It is worth noting that our 

proposed compounds exhibited a level of stability that 

surpassed that of previously reported compounds in the 

literature, representing a significant stride in our research. 

Equally paramount in our investigation was ensuring the 

safety profile of these proposed compounds. To this end, we 

conducted AMES Toxicity Analysis, and the results were 

reassuring. All three of the proposed compounds successfully 

passed the toxicity assessment, bolstering our confidence in 

their potential for further development and clinical 

exploration. As we navigate the path forward, it is essential to 

underscore the importance of synthesizing these compounds 

in the laboratory. Experimental validation will not only verify 

their efficacy but also provide critical data on their safety 

profile. By synthesizing and rigorously testing these novel 

derivatives, we aim to gain a deeper and more comprehensive 

understanding of their potential as hematological anticancer 

agents. In conclusion, this research represents a significant 

stride in the quest for novel hematological anticancer 

therapies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      The amalgamation of advanced computational techniques, 

molecular design, and toxicity assessment underscores the 

holistic approach employed in this study. As we stand at the 

precipice of laboratory synthesis and subsequent experimental 

validation, we hold the promise of contributing to the 

advancement of therapies aimed at combatting hematological 

cancers, potentially improving the prognosis and quality of 

life for affected individuals. 
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